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DESCRIPTION OF PROGRAM A
(ABLE)

I. INTRODUCTION

A JORTRAN-60 program has been written foxr the Control Deta
Corporation 1604 computer and used as a first step in developing
the complete simulation of an on-board data procasscr. A brief
description of the program (ABLE), its use and its output will
be given. Datails of the computations involved and physical con-
straints can be found in Refereace 1. ‘

I1. DESCRIPTION

A. ABIXZ can best be uaderstood by referring to the flow chert
in Pigure 1. A given mumber of stars snd planets (sc move thes
100 and 9 Tespectively, & pregraa paramster) are checked sequentisl-
ly to determine if the camers can sec them., If go, transit times
are computed for this targst and partial derivative coefficients
sre evaluated until all targets are checked. Normslly distributed
arrore ave adfed to every tyemsit tims and with these tramsit
times plus the partials, the nevigation equatiocns determine the
best (in s least squares samse) vehicle attitude and position and
compares thase with those of the trus vehicle state. The differences
are found and written on tape (in binary after this precess has
been vepested nine times with different transit times exver sets)
miln(thounnc‘fhmhnm,nmafmm)
of these error sets have been found. These exrrors are analyzed and

Carroll, J. K., "Exror Analysis - Program A", CDC TM-9552-2,
m“t ”u ml-zm’ June 1963.



Figure 1: FPlow Chart - ABIE
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distributions plotted exactly as in the snslysis for DISTRST.2

B. DBesides the standerd FORTRAN library subroutines (such as
SINP, SQRTY, ete.), & mumber of reutines wers writtem explicitly
for ABIZ. Their usags will be described here in roughly the order
in which they sppesr in the main progrem.

1. FVILLIAB is a very simple routise whieh fills the star and
planet position tables with star right ascemsion snd declimstien
sad planst sere lengitwie sad vedial distsace. It also sets up
the table of correspondsmse between waiforamly distributed data
and normally distributed data (see Part 5). Ses Appendix B for
the listing.

Sise of pregmen: 1983 words

Commen sterage: 3634

2. 7 is the trumssatisg funstics. Supplied with a maia pregram
paramster ISHIFT, F(x) sisply shifts the quantity x right ISKIFF
pPlaces (thus dropping the right most ISHINT bits of the mantises
of a floating point mumber) and restores x ISHIFT places to the
left. Using ¥ in the partisl derivative and cosfficient computa-
tions and the navigatiomel computations thus simulates a smsller
(than 48 bits) machine werd. Since a 1604 floating point word
contains a 36 bit mantissa, one should probably use & shift coumt
of from O to not more than 30. See Appendix C for the listing.

ﬁnofm: 39 words

Coumen stevegeY 3634 words

2 vammslli, 3. D., "Descriptien of Preliminery Pregrams”, COC
™-9552-4, Comtract Ne. WAS1-2902, September 1963,



3. ALPH. Since the FORTRAN inverse tamgeat routine always finds
the principal valus of ite argumeat, s routine was writtem to
resolve the arc-tangent into its proper quadrant. ALPR 1is supplied
with two arguments A and B. Their algebraic signs are examined and
x = arc-tangent (A/B) is computed. By compering signs, the angle is
put into the proper quadrant (0 <X < 2w). See Appendix D for the
listing.

Sise of program: 137 woeds

Coumon storage: Nene
4. muﬂnﬂundaud:cmtu. Repeated usage will
produce wmiformly distributed random mmbers in the intezval O,
1 with mean k. This routine is weed to gensrate imput values te
the mormslly distributed randem mmber gemerator, GAUSS. See
Appendix E for the listimg.

Sise of pregram: 37 words

Common stovage: Nooue
3. GAUSS is the reutine uied to tramsform a mmmber takem from a
uniform distribution inte s mumber takem frem a wermal distributiem
with mean sere, standexd deviatien ome. GCivea the uniform mumber,
GAUSS does @ table lookwp plus a linesr extrapelatiea to preduce
the nermal mmber for imput values in ths ramgs .0003 < x < .9997,
Since the tails of s normal distridution must be elipped semewhere
(in a finite lesgth computer word), the valuss -3.4 aod 43.4 were
chosen as these limits. Hemce, for 0 < x < .0003 and .9997 <x <1,
a flag is set, indicating thet the normally distributed number

weuld be outside this range and s new input mumber should be genarsted.




cm———-

o 1 -34-3 -2 -\ e V2 3 3.4

See Appendix ¥ for the listimg.
Siss of program: 109 words
Common stowage: 3634 werds

6. PART D is the mavigatiem computation subroutine. ABLE supplies
the mmber of stars and plansts thet can be sesn to PART D and
through the uee of coumen sterage, this subroutine computes attitude
and positisn deviations frem the trus vehicle state amd returms
thes to the main pregram. Ne details of the computations need be
gtvuhmuthquhuhuyuhfu'ml. Ses Appeadix
€ for the listing.

Sise of program: 2872 words met including GAUSS 2.

Cemmon stovage: 3634 words

7. GADSS 2 is imsluded im PART D and is a standsed CO-OF User's
FJORTRAN-60 subroutine (F2 UTEX GAUSS 2 “Solution of Simultamesus
Linssr Algebraic Rquations™). This routins is used to solve s system
of three equations and three vnknowms for attitude exrors and a
sintlar system for vehicle positiocn (which are subtracted from the
tzue position to obtain exrors). hrangun supplied to GAUSS 2



indicate the sise and designation of the cosfficient and constant
matrices and the designation of the solutiom. Also, as pert of the
output, & flag is set to indicate vhether the coafficient matrix
is singuler (flag set # 1) of not (= 1). Ses Appendiz G for the
listing. ' |

Sise of program: 160 words

Common stovage: Nome

8. PART 7 is the statistical amslysis subroutine and cas be ueed
with very little modificatien for the smslysis of meay diffevest
kinds of dats sets. This routime mst be supplied with twe pera-
uem.mmmﬁcmmmpuauumua‘
m)umaqu-u-m Tha data can be thought of as
hmmtmhnlxtmmuhbm Dats s amalysed
bycﬂ_‘!r-meutukaﬁuummtudhatntm
Mltﬂdﬁqﬂttl.llﬂmmommuw be a
multiple of 9). Then the mesn snd the seceond, thtnl and fourth
mﬁﬂ:mmmtolubymm.thm.ad
fourth momsats sbout the mesn. Mext the standsvd deviatiocn, the
coafficient of skewness, and the coefficlemt of excess.

Folloving this, & comalative distribution is printed sad
plotted. Tbe isterval between the smsllast data potat snd the
meuummnvmméumﬁu (more than
49, but less than 401) end the percentage of points in each interval
is sccumulated and printed slong with s mmber of ssterisks (equal
to ten times the interval percentags) to ferm & rough bar graph
of the distribution. Pimally, the mumber of iatervals, the interval



sise, the degress of freedom, X* and t, (all related to the chi-
squared test for normal ‘di.:ttributim) are printed. Wnl exsuples
of output from PART ¥ are shown in Appendix A. ‘l_élppd!xntcc
the 1isting. a

$ize of program: 7496 words

cnqnn nuua‘ None

11, OPEBATION
ADIX 15 operated exactly as AIAX 1 and AIX 2% with the follow-
ing exceptions. |
1) Mo error esrd (card 6 in the minimal 1ist is necessary
2) Ahﬁ@#iutymuwhmumc.MI.
3 Amacﬁm-wms-—cuwx-
tuhpuuh‘.cad‘s.
4) mmwhq-pu-mm)-qnqmuuu
mitinl,gnls. AA |
ABIE takes up 17371 mhutuu plus 3634 cemmon sterags
locatiens, | o
To estimste the rusaisg time for a particular vehicle data
octdazivu-th_iu__.'.cu-yuitﬁta-ih

Ta A(IMrAlel) LBe e
60

2 yemselli, B. D., "Descriptico of Prelimisary Pregrass”, COC

™-9552-4, ent:fn_ee lo NAS1-2902, lqtdct 1963.



whave
T is the length of time in minutes,
A i3 the time in seconds to gensrate nine sets of ervors,
¥R is the ssmple sise,
B 1s the time in minutes to call ABLE from the tape,
ch&.-mmsuxnny-uu-mm“msmmw.u
[ ] tndteates “sateger 1ese then or equel eo.
Nominally, A = 16, 8= 1, C = 3. For example, to calculate hew
long a vua with NR squal to 1000 will take, we have

b \ 79} +\
T= | LLoo:ocu ) | 4 4

1 (11 +1)
6o

1

34 mwvies,
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€ BCLIP
T " o
ks k9, k& K1, K2,
Tape poDier® " wearr
St er Bumber (1-100) MBTAR
Right Ascemsion A
Declination pac
Planet Number (1-9) RPLANEY
A, XILABE —= PLANPOS (I, 1)
a RAD ~—» PLANPOI (X, 2)
e vas (1)
[ vEs 2)
t B (3)
= VER (6)
4 VER (3)
s vEx (6)
T T
] TAD
o 1816
? ==
GANA
2 L ]
| &d »
A XLAME
96, s FAC
| »
sia 6 STEETA
ceos O CTHETA
sin ¢ sl
cos § crx
Ke -
iy A
By 3
oot an
@ Tz
Stop Exror is %. 1>¢u‘(>eullu
not satisfied for emy of the X's.
tan I’ TANGAM
cos(® + 4) cT
sin(® + A) sT
cos($ + B) ce
sin(é + 4) < 4
sin (0g) S2A
cos () CRA
:ac

sin(ly)



cu(bg)

ceon(e)

11

21

CAUSE
Exror in TARGET or WOMIMAL cavd
Error in STAR or PLANEY card

Exrer in X, cos R <cos?( <1 1s
not satisfied for any of the Xx's.

cosh > 1

Error in GAUSS 2, x, y, s solution
could not be found

Exrror in GAUSS 2, 00, A4, At solu-
tions could mot be found.

Input random smmber r is greater
than 1.
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<L

<
5

K

1

c

5 FORMAT (F154244110)

c

O ek

e

00000000000

10 CALL FILLTAB

PROGRAM ABLE _

DIMENSION DELT(§115£Q)oP(S)oTARLIST(IIOoa)oPSl(4)oSAVEP(902)o
1SAVES(100+2) +DELTA(946)
DIMENSION VEH(6)+PAREF (100+7+4)¢PLANCO(945+4)+ERR(6)+SEENS(10003)y
T TISEENP (943) sPMAG(9) s FN(69) « STARPOS(100+2) s PLANPOS (942 )

COMMON PI+K]¢K24K3+sNTAPE s ISHIFT4VEH, ISIGINRyPAREF 4PLANCO,T+ERReFNy
TT1SEENS + SEENP ¢ PMAG +« STARPOS » PLANPOS

IF SENSE >WITCH 1 1S ONs THE PROGRAM BRANCHES IMMEDIATELY TO

" THE STATISTICAL ANALYSIS SUBROUTINE PART Fe IF IT IS OFF, COMP—
UTATION PROCEEDS NORMALLY THROUGH THE GENERATION OF NR SETS OF
ERRORSe ONCE THIS IS COMPLETEDs THE NUMBER OF VEHICLE SETS (K3)
IS TESTEDe IF THIS NUMBER 1S GREATER THAN 14 THEN PART F 1S AUTO=

MATICALLY EXECUTED === IF EQUAL TO 1+ THEN SENSE SWITCH 2 DETER-
MINES WHETHER TO TERMINATE (ON)s OR ENTER PART F (OFF)e

PRINT 1
1 FORMAT(1H1e/+4Xe112HABLE ADDED TO THE AREOSPACE RESEARCH MASTER
1 TAPE ON 20 SEPTEMBER 1963« THE DATE OF THIS RUN IS .

2////+4X+1106HABLE IS A FORTRAN 60 PROGRAM DESIGNED TO GENERATE AND
3ANALYZE POSITION AND ATTITUDE ERRORS WHEN ERRORS ARE//¢2X+111HADD
4ED TO THE TRUE TRANSIT TIMESe TIME ERRORS ARE NORMALLY DISTRIBUTE
SO ABOUT ZERO WITH STANDARD DEVIATION 1SIGees//e2X+43HFOR THE PROGRA
6M DESCRIPTIONs SEE TM=9552-66)
Plz3e¢1415926536
G=1e996E~47
ECLIP=440916094
SM=1¢99E+33
READ INITIALIZING DATA
READ S+TZWK3+NTAPEISHIFT

~ TEST FOR STATISTICAL ANALYSIS ONLY (SS 1 ON)
IF(SENSE SWITCH 1)1510+10

READ 15+ NORT

15 FORMAT (A8+110)

TEST FOR CORRECTIONS TO NOMINAL TABLE (NORT-BHTARGET )
IF (NORT~8HTARGET 120+40+20 i

20 IF (NORT—-8HNOMINAL )304120+30

30 STOP 1~ o o o o L i o
40 K=0 -

42 READ 15+NORT NN
" TEST FOR PLANET OR STAR DATA

IF (NORT=-8HSTAR 150470450 L o e
SO IF(NORT=-8HPLANET 1604100460
60 STOP 2

70 DO 80 I=1+NN
READ STAR NUMBERs RIGHT ASCENSIONes AND DECLINATION (IN RADIANS)
T READ 25+NSTARWRADEC

25 FORMAT (1515XeF10e8+10XeF10e7)
STARPOS (NSTARs1 )uRA '

80 STARPOS(NSTARe+2)=DEC = A - B i
IF(K)1204904120 o

90 K=7

R



O

o

C

C

[}

100 DO 110 I=1+NN
[

110

c.
120
35
c
Y
C

GO TO 42

READ PLANET NUMBERs ZERO LONGITUDE,
READ 25¢NPLANET + XLAMBZ s RAD

PLANPOS (NPLANET ¢ 1) =XLAMBZ

PLANPOS (NPLANET ¢ 2) =RAD
IF(K)1204904120

'READ VEHICLE DATA, PERIODs AND TIME

AND RADIAL DISTANCE

READ 3Se+((VEH(1)eI=146)eTsTAU)
FORMAT (6F10e¢69F4e¢0sF16¢2)
READ DECISION PARAMETERS K1 ¢K2
READ 45+K1eK2

FORMAT (618)

_ READ CAMERA AND STATISTICAL DATA

READ S5+1S1G+NR+GAMMA+CH
FORMAT (211042F10e8)

PRINT 75¢TZesK3sNTAPE+ ISHIFTeVEH (1) sVEH(2) ¢ VEH(3) s VEH(4) +VEH(5) 4

IVEH(6) e T+ TAUSISIGsNRyGAMMA 4CH K] ¢K2

7S FORMAT(1H1/ ¢S5Xe6HT ZERO e 10Xe2HK3 46X e SHNTAPE ¢+ 3Xe6HISHIFT e/

"o

Y_,

1000

1010

990 DO 1300 J=NNN MMM

21HXe12Xe1HY 12X e 1HZ

1 Fl5e¢2¢3XeISs 44X+ 15¢3Xe[5¢/ /96X eSHTHETA +8Xe3HPHI 010X +2HTOs 11X v_
BXe6HPERIOD 99X s4HTIME ¢+ /93X eF106693XsF10e603X0

3F10e6¢3XeF1l0066¢3XeF106643XeF1006913XsF4e0¢2X2sF1662¢//¢5XSHSIGMA
43X e2HNR s 6X e SHGAMMA 18X s 1 HH 0/ 93X 0 1S5 ¢3X11Se3XeF10e8e¢3XeFl10e80//

55X ¢ 3BHNUMBER OF STARS AND PLANETS CONSIDEREDs/¢14Xe 1S 3Xs184//777)

TANG=F (TANF (F (GAMMA)}))

 PI2T=F(F(2e*F (P1))/F(T))

FAC=86400+%SQRTF (SM%*G)
TANGAM=TANF (GAMMA)
STHETA=SINF(VEH(1))
CTHETA=COSF(VEH(1))
SPHI=SINF(VEH(2))
CPHI=COSF (VEH(2))

SECLIP=SINF(ECLIP)
CECLIP=COSF (ECLIP) _

NP=0O
NS=0
CP=F (COSF(VEH(2)))
 SP=F (SINF(VEH(2)))

CT=F(COSF(VEHR(1)))
ST=F(SINF(VEH(1)))
NNN=1

MMM=K 1

CALL TIME (1HP)

IF(J=~100)1000+100C+1010
SRA=SINF (STARPOS(Jse1))

CRA=COSF(STARPOS(Js11))
SDEC=SINF{STARPOS(J+2})
CDEC=COSF(STARPQOS(J+2))
P(1)=CRA*CDEC.

P(2)=CECLIP*CDEC*SRA+SECLIP*SDEC
P(3)=-SECLIP#CDEC*SRA+CECL IP*¥SDEC
RP=1e

GO TO 1020

MM=J~100

XEAMQEEEANPOS(MMQI)+FAC*(TAU'TZ)/PLANPOS(MMgg)**l05




©

o)

¢y

C’G

©

¢

W

o

12

i

<

7

1018

T R(1)=PLANPOS (MM 2 ) %#COSF (XLAMB )

R(2)=PLANPOS (MM 2) ¥SINF (XLAMB)

R(3)=0.
DO 1018 K=1+3

P{K)=R(K)=VEH(K+3)
RP=SQRTF (R(])##2+R(2) ¥ X¥2+R (3 ) ¥ X2+VEH (4 ) #H#2+VEH (S ) ¥ #24VEH (&) ¥#2~

126 % (R(1)¥VEH(4)+R(2)*¥VEH(S5)+R (3 ) ¥VEH(6)))

1020

1030
T T B==P(1)¥CTHETA*SPHI+P (2)*CTHETA*CPHI+P (3)#*STHETA

(-

T TEMP=D*TANGAM/SQRTF (A%A+B#B)

1034

_ 1036
1038

1042

1040

1050

T 1054

1056
1058
1060
1062

1063

1066
1068

1070

1072

_1080

1074
1076
1078
1064

1065

1082
1084

D=P (1 )*STHETA®SPHI-P(2)*STHETA¥CPHI+P(3)*CTHETA

IF(ABSF(D)/RP~COSF (GAMMAY*SINF(CH) 1030010301300
Az—P (1 )%CPHI=-P(2)*SPHI

DEL=ALPH(B.A)

COMPUTE .THE FOUR VALUES OF PS1

PSI(1)=ASINF(TEMP)=DEL
PS1(2)=ASINF (~TEMP )=DEL

PSI(3)=P1~-PSI(1)=2e¢*DEL
PS1(4)3P1~PSI (2)=2¢*DEL

K=1
ILAG=0

— IDICAT1=0
IDICAT2=0

IF(J=100)1034+103441036
NS=NS+1

GO TO 1038

NP NP+1

‘CADA= (~A*COSF (PST(K) )+B*SINF(PST(K)))/RP
IF (ABSF (CADA) =1400000001)10404104041042
STOP 4

IF (COSF (CH)~CADA)10504105041082
TT=VEH(3)+T*PSI (K) /(24 #P1)
IF(J-100)1054 105441056

SEENS (NS 1)=J

GO TO 1058

SEENP (NP 1) sJ

IF (XABSF (K~2)=1)1070+1060+1070
IF(IDICAT1)106441062+1064
IF(J-100)1063+1063+1066

SEENS(NS¢2)=TT
GO TO 1068

SEENP (NP 2) =TT

IDICAT1=1

GO TO 1080
IFCIDICATZ)1064¢107241064

IF(J=100)1074+107441076
SEENS(NS«3)=TT

GO TO 1078
SEENP (NP «3)=TT
IDICAT2=1

ILAG=ILAG+1

XF(ILAG-2)10820109001090

PRINT 1065¢(PS1(M)sM=1¢4) o

FORMAT (///43X%Xe14HPSI(J)eJm194 +4E20e8¢/)
SToPR e
IF(K=4)1084,1086+1086

K=K+1




O : GO TO 1038 .
1086 _STOP 3
71090 1F(J=100)10944+1094¢1200
O 1094 K=NS L
SRA=F (SINF (F (STARPOS(Je11)))
_ CRA=F (COSF(F(STARPOS(Je1)))) S - -
O SDEC=F (SINF(F(STARPOS (Je+2))))
CDEC=F}§9$F(F(STARPOS(J.E))))
P(1)=F (CRA¥CDEC)
O P(2)=F (F(F(F(CECLIP)*CDEC)*SRA)+F (F(SECLIP)I*SDEC))
P(3)1=F (F(F(F(=SECLIP)¥CDEC)*SRA)+F(F (CECL IP)*SDEC))
_PAREF (Ks1+1)=F (F(P(1)¥F (CT*SP))~F (P(2)¥F (CT*CP) )~F (P(3)¥*ST))
O PAREF (Ko 1 ¢2)aF(F(P(1)#CP)+F(P(2)*SP))
PAREF (Ke193)3F (F(F(P (1) *F(ST¥SP) )=F(P(2)*F (ST*CP))+F(P(3)*CT))
1%TANG)
O PAREF (Ks1 ¢4 )3F (=PAREF (Ke143))
O

PAREF(KoZol)=F(F(-P(1)*F(ST*SP))+F(P(2)*F(ST*CP))-F(P(s)*CT))
PAREF (Ke20e2)=20e
PAREF (Ks2+3)=F (F(F (P(1)*F (CT*SP) )=F (P (2)*F (CT¥CP) )=F (P (3)%ST))
1%#TANG)
PAREF (Ke2+4)=F (=PAREF (Ks243) )
o PAREF (Ke3+1 )2F(F(P(1)%#F (CT*CP))+F (P(2)*F(CT*SP)))
PAREF (Ke3+2)2F (F (=P (1 )%*SP)+F (P(2)%CP) )
PAQEF(K.3.3)=F<F<F(F(:)*F(sr*cp))+FtP(2)*Ft$T*SP)))*TANG)
C PAREF (K+43+4)=F (=PAREF (Ke343))
PAREF (Ky441)aF (=PAREF (Ke142)¥%P12T)

PAREF (K1 4+2)=F (PAREF(Ks 141 )*PI2T)

O PAREF (Ks4+3)30e - s L
PAREF (Ke4+¢4)=0¢
GO TO 1300 e o L
K8 1200 L=NP
 MM=J~-100

XLAMB = F(F(PLANPOS(MMcl))+F(F(F(FAC)*F(TAU~TZ))/F(PLANPOS(MM.Z)
© 1%%1e5)))
R(1)=F (F (PLANPOS (MM¢2) ) #F (COSF {XLAMB)) )
_ R(2)=F (F (PLANPOS (MM ¢2) ) #F (SINF (XLAMB)) )
O R(3)=0e0
" DO 1204 K=143

1204 P (K)=F (R(K)=F (VEH(K+3)))

Q. AzF (F (=P (1 )%F (COSF (F(VEH(2)))))=F(P(2)*F (SINF (F(VEH(2)1))))
— B=F (F(=P (1 )#F(F(COSF(F(VEH(]))))¥F(SINF(F(VER(2))))))+F(P(2)*F(
(),q 1F (COSF (F(VEH(]1))))*F (COSF(F(VEH(2))))) )+F(P(3)*#F (SINF(F(VEH(1))))
' 2)) :
y PLANCO(L +1¢1)=F (=CT*SP)
PLANCO(L+1e2)3F(=CP)
C s PLANCO(Lol03)=F(F(-ST*SP)*TANG) o —
PLANCO(L+1+4)=F (=PLANCO (L ¢1¢3))
7 PLANCO(L +2¢1)=F(CT*CP) ) . . . -
Q PLANCO (L.+242)=F (=SP)
. PLANCO(L +2¢3)=F (F(ST*CP)*TANG) : N
PLANCO(L9204)=F (=PLANCO (L ¢243))
Q s PLANCO(L¢3¢1)=F(ST) _ e . -
PLANCO(L+3¢2) =00
4 PLANCO(L.¢3¢3)=F (=CT*TANG) -~
Q PLANCO(L+3¢4)=F (~PLANCO(L+343))
3 PLANCO(L e4¢1)=F(F(=R(1)¥F(CT*SP))I+F(R(2)HF (CTHCP)I1+F (R(3)*ST))
()2




" PLANCO(Le4+¢2)sF (F(=R(1)%CP)+F(~R(2)%SP))
PLANCO(L44¢3)2F(F(F(=R(])*F(ST*SP))+F(R(2)*¥F (ST*CP))=F (R(3)*CT))

1%TANG)
PLANCO(L +4+4)=F (=PLANCO (L +443))
PLANCO(L+5¢1)=SF(PI2T*A)Y
PLANCO(L+5¢2)3F (-P12T¥*B)
CONT INUE - -
CALL TIME (1HP)

- 1300

IF(NNN=-1)1310+1302+1310
NNN=101
MMM=K24100
GO TO 990

1302

1310 PRINT 1285
1285 FORMAT (///////+5%X+31HTABLE OF STARS THAT CAN BE SEEN//¢3X+6HNUMB

1ER+9Xe10HTeTe NOe 1410Xes10HTeTe NOe 2¢/)
PRINT 12950((:EENS(J.K).KSI03)0J810NS)

PRINT 1275
1275 FORMAT (1H1 e///+5X+s33HTABLE OF PLANETS THAT CAN BE SEENs//+¢3Xe6HNU

O o ©

IMBER+9IXe10HTeTe NOe 1010Xs10HTeTe NOe 2¢/)
PRINT 1295+ ((SEENP(JiK) s K21 93)eJm] ¢NP)

1295 FORMAT (/// ¢ (3XeFSe 042X+2E20e8))
CALL TIME (1HP)

00 1410 J=142
L=J+1

DO 1400 I=14NS
1400 SAVES(1+J)=SEENS(IsL)

T DO 1410 1=1 NP
1410 SAVEP(I1+J)=SEENP(IL)

TTCONST=¢S*T/P1%#4e8481E~06*FLOATF(ISIG)
MR=NR/9+1

DO 1500 K=14MR

DO 1450 L=149

DO 1440 J=1.2 . :
N=J+1 o i
DO 1430 1=1eN> '
1428 CALL RNGN (QQ) -
QQ=GAUSS (QQeI111)
IF(111)1428+143041428

12

"71430 SEENS(IoN)'SAVES(IoJ)+TTCdNST*QQ
DO 1440 =] 4NP

N

&)
O
)
O
O
O
9

1438 CALL RNGN (@Q)
QQ=GAUSS (QQesI11I)

e . —

IF(111)1438+1440414238
» 1440 SEENP(I+N)SSAVEP(]+J)+TTCONST#QQ

O

'CALL PART D (NPsNS)

O - DO 1450 M=146

1450 DELTA(L'M)=ERR(M)

1500 WRITE TAPE NTAPEO((DELTA(I.J)QJ’Iv6)ol‘109)
END FILE NTAPE
_CALL TIME (31HP)

" REWIND NTAPE
IF(K3-1)152041530+1510
1510 CALL PART F (NTAPE+NR)
CALL TIME (1HP) 4
IF(SENSE SWITCH 1)201041520
: 1520 K3=K3-1

I
WooC e e

.

4

o

O

.




O IF(K3)2010+20104120 o R )
1530 IF(SENSE SWITCH 2)152041510
2010 END
END ) - e
o e . e
o - B B B
Y T - T T
O o _ i
o e : . e
O o e
o o e _ o
O
|
O T S ) T
O S \ ) o
O I - - - B - T
O B L -
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(@)
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L
I3
Qs - L L o -
o o e
3
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- FILLTAB -

Progran Listing



&

SUBROUTINE FILLTAB
DIMENSION VEH(6) +PAREF (1009744) sPLANCO (94544 )+ERR(6) +SEENS(10063)0__

ISEENP (9+3)sPMAG(9) sFN(69) s STARPOS(100+2) s PLANPOS (942 )
COMMON PT1+K1sK2¢K3+NTAPEs ISHIFT¢VEH ISIGsNR4PAREF sPLANCO T ERR¢FN4

I SEENSVWSEENP 4PMAG+STARPOS PLANPOS
FN(1) =.0003

FN(2) =+0005
FN(3) =+0007
TTTTTUTEN(4) T=40010
FN(5) =+0013 -
TTTTTTEN(6) =e0019
FN(7) =.0026

T FN(12)=.0107

FN(8) =.0035%5
FN(9) =.0047
FN(10)=e0062
FN(11)=.0082

FN(13)=.0139

FN(14Y5,0179
FN(15)=.0228
"FN(16)=40287
FN(17)2,0359
FN(18)=e0446
FN(19)=e0548
TTFN(20)=.0668
FN(21)=.0808
FN(22)=.0968
FN(23)=e1151
FN(24)=e1357
FN(25)=+1587

T UTEN(26)=41841
FN(27)=e2119 - B |
FN(28)=e2420
FN(29)=e2743
FN(30)=e3085
FN(31)=.3446
 FN(32)=.3821
FN(33)=.4207
FN(34)=e4602
FN(35)=5000
FN(36)=e5398
FN(37)=45793

FN(38)=46179
FN(39)=¢6554
FN(40)=e6915
FN(41)=e7257

FN(42)=e7580 .
FN(43)=.7881 :

FN(44)=48159
FN(45)=e8413
FN(46)=+8643
FN(47)=+8849
FN(48)=49032
FN(49)=.9192

FN(50)=+9332
_._ FN(51)=.9452




FN(52)=9554
FN(53)=9641

FN(54)=.9713
FN(55)=49772

FN(56)=.9821
FN(57)=.9861

FN(58)=.9893

FN(59)=9918

T FN(62)=.9965

FN(60)=.9938
FN(61)=e9953

FN(63)=9974

T TFN(66)=9990

FN(64)=.9981
FN(65)=.9987

FN(67)=+49993

FN(68)z.¢9995

FN(69)=e9997

STARPOS( 1.
STARPOS( 1,

" STARPOS( 2+

STARPOS( 24

‘STARPOS( 3,

_STARPOS( 3,

17620189629

146723963058
~49194200574

348290196683
~1.0596427184

STARPOS( 4,
 STARPOS(
STARPOS( 5,

STARPOS( Sy

STARPOS( 64
STARPOS( 6
'STARPOS( 7.,
STARPOS( 7,

STARPOS( 8,4

40_*

(- Nt Nl WP P W N et el el P e

!

®ounun

+8023278571

~e2910045640

367275578611

448691268192
_ +6763975035
T 143721269524

¢3375127404

13661273831

 ~e1437230158

149972311685

1)
2)
1)
STARPOS( 84 2)  «0925606280.
STARPOS( 94 1) 04214824699
__ STARPOS( 9, 2)= =1,0016202170
STARPOS( 104 1)= 3.6725581 731
STARPOS( 10, 2)= =1,0512021122
STARPOS( 11y 1)= 15426383481
STARPOS( 114 _2)=___ 1292125423 _ _
STARPOS( 124 1)= 541893874649
STARPOS( 12, 2)= « 1533708080
STARPOS( 13s 1)= 141964013856
STARPOS( 134 2)=__ +2871115101
STARPOS( 144 1)= 3.2502975773
-  STARPOS( 144 2)= =140983938759 _ -
STARPOS( 1S5, 1)= 43090579346
STARPOS( 15,4 2)= ~e4601948424
STARPOS( 164 1)= 3.5064028283
STARPOS( 164 2)=  =.1920831805
T STARPOS( 17, 1)= 60039108101
STARPOS( 17,4 2)=  =,5197881401
) TTTSTARPOS( 18, 1)= 2.0223275487
STARPOS( 18, 2)= 04904423679
STARPOS( 194 13)= S.4122878271
STARPOS( 19, 2)= « 7884088563




T STARPOS(
STARPOS(

T STARPOS( 21
STARPOS( 214
TTTSTARPOS (224
STARPOS( 22,
STARPOST( 234 1
STARPOS( 23,
"STARPOS (~
STARPOS( 24,
STARPOS( 25,
STARPOS( 25,

200
20

244

vwvvwvvvvv
] ll (1] ll n II L] ll nn

1
2
1
2
1
2
1)
2
1
2

1)
2)=

TSTARPOS( 26, 1=

343421091681
~_=1.0389120854
246475553922
«2114369426

18214546961
= =e5049237526

= 149752254755

e 5577296588
445883251592
~e6472359606

le4116295712
«1103823789

= 164154329346

STARPOS( 264 2)= 4988829741
- STARPOS( 27+ 1)= 244124013643
STARPOS( 274 2)= =1.2146328041
— STARPOS( 28+  1)=  3,2702597805
STARPOS( 28, 2)= -¢9938922870
STARPOS T 29, 17)= 144603533462
STARPOS( 29, 2)= -40212833206
- STARPOS (7304  1)= 547872936333
STARPOS( 30y 2)= -¢8221809774
STARPOS( 314 1)=2 343716052324
STARPOS( 314 2)= 9795224095
TTTTSTARPOS (T 32y I = 144802355552
STARPOS( 32+ 2)= ~«0341551238
STARPOS( 334 1)=  +8821330372
STARPOS( 33, 2)= «8684079619
STARPOS( 344 1)= 448021674873
STARPOS( 34, 2)= ~e6004078071
— TSTARPOS( 35, 1)=  2.8880472187
STARPOS( 35, 2)= 10805963657
STARPOS( 364+ 1)= 241319560424
STARPOS( 364 2)= ~eB8246195902
'STARPOS( 37¢ 1)= 148638880136
STARPOS( 374 2)=  =e4597924470
STARPOS( 384 1)= 3.6056684294 ,
STARPOS( 384 2)= 8632786331
 STARPOS( 39, 1)= 446040040338
STARPOS( 394 2)= =¢7501570569
STARPOS( 40, 1)= 145591317096
STARPOS( 40, 2)= 07844721693
STARPOS( 4l1¢ 1)= 17277886930
STARPOS( 414 2)= 2866945703
STARPOS( 42, 1)= 22858431768
STARPOS( 42, . 2)=__  =e9529158346
STARPOS( 43,y 1)= 443871905076
L __STARPOS( 43, 2)= =12038505478
STARPOS( 44, 1)= 53375804627
i STARPOS( 44, 2)=  =~a9919287916
STARPOS( 45, 1)= 201899518789
o STARPOS( 45, 2)= =1.0369437418
' STARPOS( 464 1)= 16640696309
STARPOS( 46y 2)= ~e3131072197
STARPOS( 47 1)= e5474879697
_STARPOS( 47, 2)= 24070350222




,,,,,

STARPOS( 48, 1)= . 6013822826
STARPOS( 484y 2)= -+¢0543330692
STARPOS( 49+ 1)=  ,4804818709
STARPOS( 49, 2)= 15555731772 L
STARPOS( 504 1)=  2,6979372299
STARPOS( S50, 2)= « 3489640395
STARPOS( 51, 1)= . 1836231817
STARPOS( 51, 2)=  «43167918037 3
ST T T STARPOS( 52, 1)= 348867246167
STARPOS( 524 2)= 142963966314
TSTARPOS( 53¢ 1)=  2.4701354014
STARPOS( 53, 2)= -+1488329520
STARPOS( 544 1)= 15111642440
STARPOS( 544 2)=  =-,1689236309
T T UTTTSTARPOS (55, 1) = «0298014970
STARPOS( 554 2)= ¢« 5048364862 .
T ‘'STARPOS( 564 1)= 445969281781
STARPOS( 564 2)= 02195721162
STARPOS( 57, 1)= 3.6866080735
o STARPOS( 574 2)= ~e6322164327
STARRPOS( 584y 1)= 02969023224
o STARPOS( 58, 2)3 46189325379
STARPOS( 594 1)= 449454122521
) _STARPOS( 59, 2)= ~e 4596470029
STARPOS( 604 1)= 342503484826
~ 'STARPOS( 604 2)= =1.0984035722
STARPOS( 614 1)= 8124944000
STARPOS( 61  2)= 47128215553 B o
o STARPOS( 624 1)= 3.5025412873
 STARPOS( 62, 2)= +9613515927
T STARPOS( 63, 1)= 3.0871820141
o STARPOS( 63+ 2)= 2572615318 e B
STARPOS( 64,4 1)= 02394519012
STARPOS( 64, 2)=  1.0568792804
STARPOS( 654 1)= 3.3154783525
o STARPOS( 65, 2)= -+8516431048
STARPOS( 664 1)= 5325290436
STARPOS( 664 2)= 7363010819 _
STARPOS( 67 1)= 5.9379737254
STARPOS( 674 2)= -e8210416652
STARPOS( 68, 1)= 164419619392
STARPOS( 68y 2)= « 0060989561
STARPOS( 69¢ 1)= e 1692605764
STARPOS( 69 2)=  +9838954289 i
STARPOS( 704 1)= 446945284442
'STARPOS( 704 2)= __ «8986991207. e y .
STARPOS( 714 1)= 4.0727985316
STARPOS( 71,4 2)= « 4680003427 3
STARPOS( 72, 1)= 53282647679 y
STARPOS( 724 2)= 7009145313 o
i T STARPOS( 73, 1)= 241054343099
STARPOS( 73, 2)= -+6966918042 o
- T STARPOS( 744 1)= 243862650588
STARPOS( 74, 2)= ~e7559117953
STARPOS( 75, 1)= 244272657518
STARPOS( 75, 2)= =~1.0323428600




~

STARPOS( 764
STARPOS( 76

.0330012673
10294776111

STARPOS( 77+
STARPOS( 77,

443991751018
-¢5976104322

STARPOS{ 78y 441824852028

- Nt et o P

STARPOS( 78, ~+3933584283
STARPOST 79 1) 3.5690746929
STARPOS( 79, -e9305174426

TTSTARPOST 80y
STARPOS( 80,

T 248799896152
«9868721849

 «1082249580
~-e7412267889

T T T TTSTARPOS T 81
STARPOS( 81

STARPOST 824 |
STARPOS( 82,
"STARPOS( 83+
STARPOS( 83,
STARPOS( 84,4

= 56841519471

« 16993204324
T Ta.6269042081
-e6809741446
"~ 348117627252

STARPOS( 84, ~ 7335134032
STARPOS( 85, 3,.85576683%0
STARPOS( 85, e 4747198603

‘STARPOS( 864+
STARPOS( 86

719325449030
~+5103924509

v-‘N“N*‘.Nv-'Nt—*IN'-iNHN**NHN'-'N'-“N»—

uvvvvvwvuwvvwvvvv.

TSTARPOS( 874 3410782052325
STARPOS( 87+ 2)= 09400634240
T TETARPOS( 88 1)= 545757306392
STARPOS( 884 2)= 10901035620
. " STARPOS( 894+ 1)=  4.4883541542
STARPOS( 894 2)= -e2738373115
T STARPOS( 904 1)= 244486314907
STARPOS( 904 2)= ~+9578754786
STARPOS( 91+ 1)= 544323227525
STARPOS( 91+ 2)= ¢5909151552
STARPOS( 924 1)= 640356321694
STARPOS( 924 2)=  +2625605453
STARPOS( 934 1)=  3.8393825608
STARPOS( 93, 2)= -e8248619971
- STARPOS( 94+ 1)= 60314942845
STARPOS( 944 2)= 4872862309 _
'STARPOS( 954 1)= 4.2048835949
STARPOS( 95, 2)=  =e3442710431
STARPOS( 96+ 1)= ¢ 7884961228
STARPOS( 96, 2)= «0693429008
STARPOS( 97+ 1)= 249344002547
STARPOS( 97+ 2)= 3610795334
STARPOS( 984 1)= 43436954480
'STARPOS( 984 2)=  -.1834001674 __
STARPOS( 994 1)= 449772645110
STARPOS( 99y 2)=  =.5222946268
STARPOS (100, 1)= 3.2038209136
STARPOS (100, 2)= -¢3032606538

PLANPOS(141)=2.032716
PLANPOS(1+2)=387099
PLANPOS(2+1)=254009707
PLANPOS(242)=723332

PLANPOS (3+1)=1e974492
__PLANPOS(3+2)=1.0




0

o © O 0.

o

'O 0O O O O ¢ O O

O

4

o PR kg sl T T T R T R e R PGy AT AN W S ey re ey 2 TR
PLANPOS (44+1)=4481677
_PLANPOS(4+2)=1452369 L
PLANPOS(5+1)=3+550211
PLANPOS (5+2)=5+2028 _ o o
PLANPOS (641 )=+662074
PLANPOS(6+2)=296540
PLANPOS(7+1)=34238145
_ _ PLANPOS(7.2)=19.18
PLANPOS(8+1)=44162384
o PLANPOS(8+2)=30.07 _
PLANPOS(94+1)=3.222018
PLANPOS(9+2)=3%.44 )
END
S — END
3

(%)
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O

cC O O O

O

(

G O

FUNCTION F{X) :
F FUNCTION FIRST RIGHT SHIFTS A QUANTITY (TO DROP OFF_ RIGHT~HAND

"BITS) ISHIFT PLACES AND THEN LEFT SHIFTS TO TRUNCATE.
DIMENSION VEH(6) +PAREF (10097+4) sPLANCO(9+544)+ERR(6) s SEENS (10003)s___

ISEENP (9+3)+PMAG(9) sFN(69) + STARPOS (100+2) s PLANPOS (942 )
COMMON Pl oK1 sK2+K3sNTAPE S ISHIFT4VEH, ISIGWNRsPAREF 4 PLANCO + T «ERR « EN4

ISEENS SEENP PMAG +STARPOS s PLANPOS
14ISHIFT

ALS1 (N) STA (F)
F=F+0e0
END

TEND

> 0 G 'C

C

C G







0.

G O

)

cC ¢ C O O G

9

‘¢ C O ¢C

c ¢ C C C G

C

~

a0

T FUNCTION ALPH(XY)

c ALPH COMPUTES THE ARC TANGENT OF THE QUOTIENT OF TWO NUMBERS AND
< TRESOLVES THE ANGLE TO THE PROPER QUADRANT BY EXAMINING THE
c NUMERATOR AND DENOMINATOR SIGNSe S
T P1I=3.41415926536
7 IF(Y)10+30+20 L
10 IF(X)11412011
11 ALPH=PI+ATANF (X/Y) L . )
T RETURN
12 ALPH=PI B ) . - o
T RETURN
20 IF(X)21+23+22 o R
21 ALPH=2.*PI+ATANF (X/Y)
RETURN )
T 22 ALPH=ATANF (X/Y)
RETURN
- 23 ALPH=040 T T o
RE TURN
7730 IF(X)31+33432 T
31 ALPH=1.5%pP1 , _
RETURN o )
32 ALPH=+5%P1 ) . o L
RETURN i -
33 ALPH=2.*P1 )
T END
; END - e N
&Y




Program Listisg




oD O 0O 0O 0

Q)

O

O QO

Q)

)

> O

( \

cC O

SUBROUTINE RNGN (R)
c RNGN IS A RANDOM NUMBER GENERATOR WHICH (BY REPEATED USE) WILL__
c PRODUCE UNIFORMLY DISTRIBUTED RANDOM NUMBERS IN THE RANGE (Osl1)e
c THIS 1S A FORTRAN SYMBOLIC VERSION OF THE MACHINE LANGUAGE CO-OP
c PROGRAM G5 CODA RNGNe
c CALLING SEQUENCE -== CALL RNGN (Z) B
IF(M)2e142
1 M=2 o . o L
B X=3625176463724015
B Y=3625176463724015 L
‘B Z=2000000000000000
2 LDA (X) MUI  (Y)
STA (X) ARS (12)
ADD (2Z) FAD (Z)
T TSTA (R)
R=R+0Q.0 -
- "END -
END
12
" -
10 _ e e i - ~ e
9
7
[} —_— . N
s — U
4
3
2




Program Listisg



O

FUNCTION GAUS> (RRJECT)
GAUSS TAKES A UNIFORMLY DISTRIBUTED NUMBER RR IN THE RANGE

(0Os1) AND CONVERTS IT TO A GAUSSIAN DISTRIBUTED NUMBER (RR) WITH
MEAN ZERO AND STANDARD DEVIATION ISIGe JECT IS SET IF RR_IS

IN THE RANGE (0+e0003) OR (¢99974+1)e WHEN THIS HAPPENS,
REGENERATE A NEW RRe
DIMENSION VEH(6)sPAREF (100+7+4)+PLANCO (94544 ) +ERR(6) s SEENS (100+3) s
1SEENP (9+3)+PMAG(9) sFN(69) + STARPOS (100+2) +PLANPOS(942)

COMMON Pl ¢K1 4K24K3sNTAPE ISHIFTIVEH . ISIGsNRyPAREF 4PLANCOT+ERRFNy
1SEENS »SEENP ¢ PMAGSTARPOS+PLANPOS

O0O0OO0

6 ¢ O 6 6 O

<

' G G © O

o O O O 6 O

O

i

ouLPwWwhN

1

IF(RR~1e)3s142
JECT=1

RETURN
‘§ToOP 21

IF(RR)2+1+4
lF(RR-.9997)50501

IF(RR-e0003)1+10410
DO 11 1=1,+69

11
12
13

IF(RR=FN(I))12+13+11
CONTINUE
I=1-1

TT2 (FLOATF(1=38)+(RR=FN(I))/ (FNCI+1)=FN(]1)))*e1

GAUSS=TT
_JECT=0

END
END _ _




- PART D, GAUSS 2 -
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0

'O O O O O O O O O O O 0O o o

© O ©0 ¢ C O

O

SUBROUTTNE PART D (NPsNS)
DIMENSION A(20)cB(20)oC(20)cD(ZO)yXM(304)0SOL(3)vPSX(jOO'ain

1IFF (4200 7
DIMENSION VEH(6)+PAREF (100+7+4)+PLANCO(94544 )4ERR(6) +SEENS(10043)

ISEENP(94v3)+PMAG(9) sFN(69) +STARPOS (1004+2) s PLANPOS (542)
COMMON P1,K] ¢K2+K3¢NTAPE, ISHIFTsVEH, ISIGNRPAREF PLANCO4 T ERRsFN,

IF(NP=2)10+20+20 .
10 PRINT 1S5.NP

15 FORMAT(///.3X.31HHALT IN PART D¢ WE CAN ONLY SEE+13¢9H PLANETS.)

- ——— stOP Y

20 Q=F(F(2*P1)/T)

DO T30 1I=1.NP
DO 30 J=1.+2
30 PSI(IsJ)= F(G*F(SEENP(I.J+!)-VEH(S)))
DO 40 I=1.NP
DO 40 J=1.,2

K=2*[+J=-2
TCPSI=F(COSF(PST{T+J)))

SPSI=F(SINF(PSI(I+J))) , N
DENOM=F (F(PLANCO (I 4541 )*¥CPST)4F (PLANCO (1 4542)%SPS1))
A(K)=F (F(F (PLANCO(I+141)*CPSI)+F (PLANCO(I4142)%SPSI) ‘ .
LHPLANCO (141 4J42)Y)/DENOMY
B(K)=F (F (F(PLANCO(14241)%CPSI)+F(PLANCO(1+242)%SPSI)_

o

I+PLANCO(T+2+J+2) ) /DENOM)
C(K)=F (F(F(PLANCO(1+341)*%CPSI)+PLANCO(143¢J+2))/DENOM)

T 740 D(K)=F (F(F(PLANCO( 13441 )%CPST)+F (PLANCO(14442)%SPSI)

1+PLANCO(1444J+2))/DENOM)
FORM THE MATRIX ELEMENTS XM
NPTT=2%NP
DO 50 I1=143
DO 8C J=14+4

SO XM(IsJ)=0oe
DO 60 I=1+NPTT

XML 1)=F(XM(T 01 )+F(ACT)*ACT)))

XM(102)=F(XM(1+2)+F(ACII*B(1)))

XM (1 +3)=F (XM(1+3)+F (A(1)*C(1)))
XM(2+2)=F (XM(2+2)+F(B(I1)*B(1)))
TXM(243)=F (XM(2+3)+F(B(1)*C(1)))
XM(3+3)=F(XM(3+3)+F(C(II*C(T))) e
XM(144)=F(XMC(1+4)+F(ACII®D(1)))
 XM(2+4)=F (XM(2+4)+F(B(1)*D(1)))

60 XM(3+4)=F (XM(3+4)+F(C(1)*D(1)))
XM(241)=XM(142)
XM(391)=XM(143)
XM(3+2)=XM(243) B e
CALL GAUSSZ (3+1+1eE=12+XMeSOLIERR)
IF(IERR~1)70+80+70 4

70 STOP 11

80 DO 90 I=14+3 o i

90 ERR(I+3)=F (F(S0L(I))=VEH(1+3))
IF(NS=2)1104120+120

110 PRINT 115.NS
115 FORMAT(///+3X+31HHALT IN PART D¢ WE CAN ONLY SEEsI347H STARS)

STOP

120 DO 130 I=14sNS




i

O o 0 0o o ¢ O o O O

O 0 O

130

DO 130 J=1+2 .
PS1(14+J)=F(Q*F (SEENS(I+J+1)=VEH(3)))

DO 140 1=1sNS
DO 140 J=14+2 -
CPSI=F (COSF(PSI(1+J)))
SPSI=F(SINF(PSI(I+J)))

TTT7140 FF(LWK)Y=F(F(PAREF( T +Ls1)¥CPST)+F (PAREF (1sL 2 )*¥SPST)
;+pAREF(I.LoJ+2))

c

I
|

156

158
159

160

162

)

170
180
190

150

XMUI+8)=F(=XM(14+4))

‘DIMENSION A(3+4)eX(3)

K=2¥%[+y-2
DO 140 L=14+4

FORM THE MATRIX ELEMENTS XM
NSTT=2%NS

‘DO 150 I=1+3

DO 150 J=1+4
XM(I+J)=0e
DO 160 J=1l4+4

IF(J-4)1584156+ 158

L=1
"GO TO 159

L=J+1 ' 3 . 3 o
DO 160 I=1+3

DO 160 K=1eNSTT

XMCToeJ)=F(XMUT s JI+F(F(FF(I+1 +K)*FF (L 4K )I/F(FF (4 K)%%2)))
DO 162 1=1,3

CALL GAUSS2 (3+19+1eE=12¢XMsSOL s IERR)
IF(IERR=1)170+180+170

SToP 12
DO 190 I=1+3
ERR(I)=F(SOL(1))

END

SUBROUTINE _ GAUSSZ2(NIMIiEPsA¢XsKER)

NPM=N+M

10

11

_KP=0

DO 34 L=1 N | A B

Z=0.0
DO 12 K=LeN
CIF(Z-ABSF(A(KsL)))11412412
Z=ABSF (A(K L))

12
13

TTZ=AL WYY

KpP=K
'CONTINUE
IF(L=KP)13+20420
DO 14 JU=L +NPM

AlLsJ)I=A(KP W J) ’ al

a7 A(KPyJU)=Z

20 IF(ABSF(A(L+L))~EP)S50+50+30
30 IF(L-N)31+40440 ST T
31 LP1=L+1
T DO 34 K=LP1WN
IF (A(KsL))32434,32
32 RATIO=A(KW+L)IZA(LeL)

DO 33 J=LP1 +NPM




O

[
33 A(KsJI=A(K s J)I=-RATIORA (L +J)
34 CONT INUE .
" 407 DO 43 I=1sN
II=N+1~1
DO 43 J=1+M
JPN=JU+N
S=0e0 T
IF(II=N)41 443443 -
T 41 TIPI=TI4+1
DO 42 K=11P1 N i
T A2 SESHALITJRIKX(IK YD) B
43 XC(IToJ)=(A(IT s JPN)I=S)I/A(TI1s11)
— KER=1
GO TO 75
TTTTTTTTTTB0T KER=2 T
75 CONTINUE
= END
END
12 -
H
10 R ° _ _ - R —
14
3 _
7 ———— ——
6
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2




~PART ¥ -

Pregran lListing




O 0 O O O O o

©

'O O O ¢ O O

O O G O O

SUBROUTINE PART F (NTAPEs NR)
DIMENSION X(6000)+DELTA(946)+ STAR(B8)s STAR] (8).

P1=3e1415926536
P12D=1+/SQRTF (2 %P1)

STAR(1)=2020202020202020
STAR1 (1)= STARI(1)

10

DO 10 T=2.,8"
STAR (1)=545454545454545¢4

!
|
I

TTB8TAR1(4)=5454542020202020

STAR1 (2)=5420202020202020
STAR1(3)=5454202020202020

STAR1(5)=5454545420202020

|
!
|
|
i

COTDTDTO

START(6)=5454545454202020
STAR1(7)=5454545454542020

STAQI(8)—5454545454545420
TOT=NR

"MR=NR/9+1
DO 140 I=14+6

30 X(M+K)=DELTA(K+1)

DO 30 J=1+MR
READ TAPE NTAPEs ((DELTA(KsL) 1L=196)eK=14+9)

M=9%J=-9
DO 30 K=1.+9

REWIND NTAPE

TTTZQEX(J)YRX(J)Y

70

XMEAN=O o
XS1G2=0e
XS1G3=0.
XSI1G4=0.
DO 70 J=1+NR

XMEAN=XMEAN+X (J)

ZR=ZQ*X (J)

XS162=XS1G2+2Q
XS1G3=XS1G3+ZR .

XSIG4=XS1G4+ZR*¥X(J)
XMEAN=XMEAN/TOT

XS162=XS1G2/TOT
XSIG3=XSIG3/TOT

XSI1G4=XSI1G4/TOT
XMEAN2=XMEAN**2
U2=XS1G2-XMEAN2
U3=XSIG3=3e ¥ X5 I G2%¥XMEAN+2 ¢ ¥*XMEAN2¥XMEAN

 SIGMA=SQRTF (U2)

U4=XS1G4=4 ¢ ¥ X5 I GI¥XMEAN+6 ¢ ¥XS1G2¥XMEAN2~3 ¢ ¥XMEAN2 % %2

G1=U3/(SIGMA*U2)
G2=Ua/(U2%U2)=3e

XM=Xx(1)
XL=X((1) 3

82
84
86
90

IFIXL=X(J))B84+844+82

IF(XM=X(J))86+90+90

DO 90 J=1.NR

XL=X(J)

XM=X(J)
CONT INUE

92

IF(XM=XL.)924¢92+96
PRINT 95¢+XM¢XL

hid



0

L
-
\

95 FORMAT (//+33HDISCREPANCY IN X MAX AND X MIN===¢3XesSHXM = 4E12¢6,
13X+SHXL = +E12664/)

GO TO 140
96 N=0
NA=0
NB=0
08 ISTEP=(XM=XL)/50e*10e¢%¥N
IFCISTEP)110¢110+100 - .
100 IF(NA)115,102+115 ' -
102 N=N-1
o NB=5S
GO TO 98
110 IF(NB)114+112+114
112 N=N+1
T U NA=3
GO TO 98
114 N=N+1
ISTEP= (XM=XL)/50e%10e¢%¥%N
T T TT115 IF(ISTEP=5)116+1184+118
116 STEP=10e¥#¥%(~N)
ISTEP=1
1Z2XL#10¢%%N
GO TO 120
118 STEP=S5e*10e¢%% (=N)
ISTERP=5
IZ=XL*10e%*(N=1)
1Z=1Z%10-5
120 Z=FLOATF(I1Z)*10e %% (=N)
NNNN==N
PRINT 12S5¢1 sNRyXL s XMsZ+STEP I N+ XMEANIXS1G29XS1G39XSIG4aU2eU3eUGs
1SIGMA 4G1 4 G2 ¢ NNNN
125 FORMAT (1H1+//+3Xs15HVARIABLE NUMBER, I3 ¢6X+16HNUMBER OF POINTS16//_
193X+ 14HSMALLEST VALUEE15¢5¢6X ¢ 13HLARGEST VALUE+E15e¢5+/ 93X+ 1 4HSTAR
_2TING VALUEIE15e5+6Xe9HSTEP SIZEWE15e¢516Xs6HN USEDs164//7
325HMOMENTS ABOUT THE ORIGINs +// 43X e4HMEAN,
1 4E150516X18H2ND MOMe 4E15¢516Xe8H3RD MOM e ¢E15e596X98H4TH MOMg sE15e50___
S//7 +23HMOMENTS ABOUT THE MEANe +//¢3XeBHVARIANCE +E15¢5¢6X+8H3RD MOM

?)OOOOOOOGO

[o)

G

C

On_ 6e+E15e5¢6X918HATH MOMe sE1SeS5e6Xe8BHSTe DEVe9E15e5¢/93X018HCOEFFe OF . _
- TSKEWNESS+E15¢54¢6X¢16HCOEFFe OF EXCESSIE15e5¢//
10 8//7+4Xe8HX (%#10%%41301H)+2Xe19HPERCENT LESS THAN Xe+3Xe14H1ST DIFFER___
O 9ENCE +3X+12HUISTRIBUTION./)
? LTHANP=0O
PERP=0,
(O , NOINT=0 - ]
CHI2=0¢
r AMGIS=1¢/SIGMA e
&) 128 LTHAN=0
o IF (Z=XM=STEP) 13041304138 *
130 DO 134 J=1+NR
Q s __IF(X(J)=Z)132+1344134 L B
132 LTHAN=LTHAN+1
“ 134 CONTINVE i - B
(o) PER=FLOATF (LTHAN)*100e/TOT
3 DIFF =PER~-PERP
MM=10e%(DIFF+405)
(< IEN IF(MM=60)1444142,142




142 JJ=8
C KK=5
T TGO TO 146
144 UJ=MM/8+1
KK=MM=8% (JJ=1)+1
146 PRINT 145+1Z+PERWDIFF+( STAR(L)eL=14JJ)s STAR] (KK)
145 FORMAT (2X+11098XeF102+8XsF10e249A8)
NI=LTHAN~-LTHANP
TZMP=Z-+5%STEP
TI=AMGIS* (ZMP-XMEAN)
© T PPI=STEPX¥AMGIS*PI2D*EXPF(~TI*TI%*e5)
CHI2=CHI2+((FLOATF (NI )~TOT*PPI)*%2)/PP1
PERP=PER
0o Z=Z+STEP
T 1Z=1Z+ISTEP
NOINT=NOINT+1
(7T T TLTHANP=LTHAN
GO TO 128
T 138 CHIZ2=CHIZ2/TOT
0 TOINT=NOINT~-3
' TX=SQRTF (2« %¥CHI2)=SQRTF (2« ¥TOINT=14)
PRINT 15S5+NOINT«STEPsTOINTsCHIZ2sTX
O 155 FORMAT (///,4 S5S6HDATA FOR CHI-SQUARED TEST OF FIT TO NORMAL DISTRIB
IUTIONe+//93X916HNOs OF INTERVALS+11046Xs13HINTERVAL SIZE+E15¢5016X0
ZISHDEGe OF FREEDOM+F15e0¢/93Xs11HCHI=SQUAREDIEL15¢546X+45HT=CHI s

V—Q‘ S 3E1545) B L _ o

O

O

140 CONTINUE
END
o END B o o
c o ,‘ ! _ N
o s _ . _ - .
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